INTRODUCTION
Smoking begins during adolescence and continues to be a problem worldwide. 1 Because of its major health consequences, 2 the prevention of smoking onset during adolescence is an important health goal. School-based prevention programmes offer one approach to the problem of youth smoking; however, it has been challenging to disseminate these programmes widely. The 'Smokefree Class Competition' (SFC)da school-based programme to prevent smoking in adolescentsdhas been implemented Europe-wide since 1997, with high numbers of participating countries and classes (http://www.smokefreeclass.info). The approach of SFC is based on the established association between smoking in adolescents and their peers, 3 with peer smoking being one of the most influential risk factors. 4 The competition aims to correct the overestimation of smoking frequency in adolescents 5 by demonstrating that the class, an important reference group for students, is smoke-free. Correction of norms and fostering a commitment not to use are evidence-based criteria of successful substance-use prevention programmes. 6 Participating SFC classes commit themselves by contract management to stay smoke-free for a period of 6 months. Participation is voluntary and bound to an agreement that at least 90% of the students sign up for the SFC. Classes staying >90% smoke-free during the entire competition period can win prizes in a lottery after the end of the competition as a positive reinforcement of remaining smoke-free.
To date, four studies, including two randomised trials, have been published on the effects of the competition. 7e12 These studies reveal effects on smoking immediately after the competition, while longer-lasting effects (up to 2 years after baseline) were questioned. 8 10 However, none of the previously published studies address the complex methodological requirements inherent in an evaluation of SFC. First, in SFC, classes decide whether or not to take part in the competition. Thus, following a randomised allocation in a cluster randomised trial, all classes in the intervention group are offered the option to take part in SFC, but not all comply. Moreover, it is probable that the two class-level subgroups within the intervention arm differ on their smoking behaviour at baseline because of the criteria for selectiondthat the class has to be 90% smoke-free. Up to now, this challenge for study design and analysis has not been adequately addressed. Published studies rely on either before-and-after evaluations including only classes willing to participate 11 12 or evaluations in which allocation to the intervention group was equated with participation in SFC, that is classes did not have the option to decide whether to participate or to decline participation. 7 8 Another problem with existing studies is that classes are the levels at which the competition operates, but evaluation of SFC effects has been carried out only at the individual level. This ignores the hierarchical cluster design, in which observations in one class are dependent on each other. The current study addresses these different critical issues by using a more complex cluster randomised controlled group design and more rigorous multilevel analyses to evaluate the effects of SFC on smoking behaviour.
METHODS Intervention
Classes participating in SFC decide to remain a non-smoking class for a period from November to April (6 months), and a contract is signed, stipulating that the classmates want to remain smoke-free. Requirements for participation in the competition are that at least 90% of pupils in class vote in favour of participation, and classes monitor their (non-)smoking behaviour on a weekly basis. On a monthly basis, they provide assurances to the organisers of the competition that they remain smoke-free (>90% non smokers) or admit this is not the case and drop out of the competition. Classes that refrain from smoking may win a number of prizes, the main prize being a class trip. For recruiting classes, fliers and posters are sent to all secondary schools (targeting 11-to 14-year-olds). After registration, participating classes receive a folder with comprehensive material containing the contract, feedback cards, a parents' leaflet and CD-ROM. Furthermore, a webpage (http://www. besmart.info) with information, online registration and feedback is available (for a detailed description of the competition see Wiborg and Hanewinkel 16 ). After consenting to study participation and prior to first assessment, schools were randomly assigned to the intervention or the control arm with stratification on type of school. The allocating person was blind to the purpose of the study. Schools were sorted by type of school and then assigned to two groups by drawing lots. The ratio for allocation to intervention and control group was 60 to 40, since it was assumed that not all intervention classes would decide to participate. All intervention classes were offered the chance to participate in SFC, resulting in an intervention subgroup that registered for SFC (IG-participation) and a subgroup with classes having decided not to participate (IG-no participation). The classes in control group (CG) received 'usual curriculum.'
Design and randomisation

Procedure
Human subject approval was obtained through the SaxonyAnhalt IRB (Landesverwaltungsamt Sachsen-Anhalt, Reg.-Nr. 504-50/06). Only students with written parental consent were assessed. Data were collected through self-completed anonymous questionnaires, administered by teachers. To permit a linking of individual information on subsequent surveys, each questionnaire was labelled with a seven-digit individual code generated by the student, a procedure that had been tested in previous studies. 17 The procedure ensures anonymity but allows for the linking of questionnaires over time. Students were assured that their individual information would not be seen by parents or school administrators. Teachers received a book voucher amounting to €20 per assessment as an incentive for their effort.
Sample
Saxony-Anhalt was chosen as the study region because SFC was rarely implemented there before the school year 2006e2007. Saxony-Anhalt has two types of secondary schools: the 'Gymnasium' recruits primarily students with higher academic skills in comparison with the 'Sekundarschule'; both types were invited to participate (Gymnasium N¼71, Sekundarschule N¼141) after applying the following school exclusion criteria: (a) a closure of the school was foreseen in the following 2 years (N¼24), (b) the school was already engaged in a tobacco control programme (N¼51) or (c) classes of the school had participated in SFC before (N¼21). In September 2006, the 212 eligible secondary schools were invited to enrol all of their seventh-grade classes, and 87 schools (41%) with 223 seventh-grade classes and 4454 students agreed to participate (figure 1).
Baseline data were collected from 3490 (78.3%) students from 208 classes from 84 schools. Two hundred and ninety-one (6.5%) students were disqualified because teachers refused to give permission, another 581 (13.1%) had no written parental permission for student participation, and 92 (2.1%) were absent on the day of the survey. Among the 208 classes with baseline data, 130 classes were in the intervention group, from which 68 (52%) decided to participate in SFC (IG-participation), and 62 (48%) decided not to participate (IG-no participation). Some 78 classes were enrolled in the control group.
Altogether, some 32 complete classes with a total of 577 students (16.5% of 3490 pupils with baseline data) were inadvertently missed at post-test, first and second follow-up evaluation, since their teachers withdrew consent to participate during the study period. Another 50 students (1.4% of 3490 pupils with baseline data) gave inconsistent answers on gender and age over time, and were excluded from the analyses for that reason. Further, 704 students (20.2%) were not successfully matched over the four waves, or were only present at baseline but not at (all) following assessments. At post-test, data of 3123 (89.5%) students were analysed, at first follow-up 2595 (74.4%) and at second follow-up 2420 (69.3%). Data sets from all four waves were available for 2159 students (61.9%). Dropout from the study was lowest in the control group (27.1% compared with 46.5% for IG-participation, and 43.5% for IG-no participation). The analyses rely in each case on the largest available sample at the respective wave (for detailed information on dropouts and samples analysed in each wave, see figure 1). A post hoc power calculation using STATA's commands sampsi and sampclus (a¼0.05, 1eb¼0.8, mean number of observations per cluster N¼17) revealed for current smoking at post-test a sample size of 183 classes and 3096 students.
Measures
Data were collected in students and teachers with self reports of students being the main source of information. Current smoking was assessed by asking 'How often do you smoke at present?' to which respondents could answer 'I don't smoke,' 'less than once a month,' 'at least once a month, but not weekly,' 'at least once a week, but not daily' or 'every day,' collapsed into the categories non-smoker, occasional use (less than once per month or monthly) and regular use (weekly or daily). Lifetime smoking was assessed by asking 'How many cigarettes have you ever smoked in your life?' with response categories 'none,' 'just a few puffs,' '1 to 19 (less than a pack),' '20 to 100 (one to five packs)' or 'more than 100 (more than five packs),' resulting in the categorisation of never smokers, experimenters (a few puffs to 100 cigarettes lifetime) and established smoking (more than 100 cigarettes lifetime). 18 Potential confounders included: age; gender; smoking in parents (none vs any), siblings (none vs any) and peers (none vs some vs most or all); rebelliousness and sensation-seeking (12-item index, Cronbach a¼0.77) 19 with higher scores indicating a greater propensity for rebelliousness and sensation seeking. A general measure of parenting style was also included (eight-item index, a¼0.68). 20 Higher scores on parenting style are indicative of higher levels of parental control and responsiveness. The type of school was used as a proxy for socio-econonmic status with 'Sekundarschule' being associated with lower socio-econonmic status than 'Gymnasium.' 21 Students rated their class climate (nine-item index, Cronbach a¼0.77) as well as the teachers (11-item index, Cronbach a¼0.85), which was entered as classlevel variable.
Analysis
In order to test for possible baseline differences between the groups, analyses of variance and c 2 tests were used. Baseline group differences in outcome and confounding variables were controlled for in analyses of later assessments to account for possible effects of self selection owing to the decision on participation in the competition.
Predictors of attrition were examined by logistic regression. Intervention effects on current smoking were tested with multilevel mixed-effects linear regressions that included baseline covariates (procedure LME in R). 22 23 Initiation and progression of smoking were analysed in discrete time multilevel logistic hazard regressions with data for lifetime smoking, for which backwards transitions were not allowed. Since data on teacher's perception of class climate were missing in 17 classes at baseline, these data were multiply imputed. 23 All analyses use statistical methods that assume missing data due to attrition are missing at random conditional on predictors included in the analytical or imputation model to minimise any potential attrition bias.
RESULTS
Baseline characteristics
The baseline sample consisted of 3440 students, of whom 50% were female. The mean age was 12.65 years (SD¼0.73, range¼11e16). The three groups were tested for baseline equivalence on all variables under study using multilevel models to take into account school and classroom level clustering. Evidence for inequality was found for several items (table 1) : students from the IG-participation group were significantly younger. Lifetime and current smoking were more frequent in the IG-no participation group compared with the other two groups. Classes that voted against participation had a poorer class climate from their teacher's perspective.
Attrition
Attrition was related to own smoking and being exposed to smoking in social environment, higher levels of sensation seeking, worse class climate, older age, being a non-German citizen and attending the 'Sekundarschule.' Since attrition effects are especially problematic when study dropout is related to one of the outcome variables, we also checked interactions between covariates and intervention status with respect to attrition. However, we found significant interaction effects only for the variables age (interaction age3IG-no participation (ref. 
Effects on current smoking
For the analysis of intervention effects on current smoking behaviour, IG-participation classes were compared with IG-no participation and control group, controlling for baseline differences and other relevant confounders. There was no intervention main effect on current smoking at any subsequent wave (table 2) after controlling for baseline smoking status and covariates. However, significant group differences are found at wave 2 and wave 3 for baseline occasional smokers, with less current smoking in IG-participation compared with students without participation in SFC. Other factors associated with change in smoking status among baseline occasional smokers included a higher level of use, higher age, female gender, high levels of sensation seeking as well as being exposed to peer, sibling and parent smoking. The intervention effect for occasional users is illustrated by figure 2 , which shows the adjusted means for current smoking frequency in waves 2, 3 and 4 separated by smoking frequency at baseline (index ranging from 1¼no smoking to 5¼daily smoking).
Effects on smoking initiation and progression of lifetime smoking
No group differences were found in the frequency of initiation of smoking among baseline lifetime never smokers during the study period (results available on request). However, the probability among baseline lifetime experimental smokers to progress to established use was higher for non-participants (adjusted HR¼1.45 (1.00 to 2.10), p¼0.047) (table 3) . The interaction between time and group was not significant, indicating that the intervention effect on progression was stable over time.
DISCUSSION
The current study found evidence for preventive effects for a widely disseminated school-based smoking-prevention intervention 12 months after the end of the competition. Participation in SFC had short-term effects on current smoking among baseline occasional smokers and decreased the probability of progressing from experimental to established smoking over the entire study period of 19 months. No effects could be shown for current non-smokers or regular smokers; nor was there any intervention effect on initiation among baseline never smokers. Thus, the salient effect of the intervention is that it reduces the risk of a progression into higher stages of use among early experimental smokers. Taking into account the complex design requirements owing to the rules of the intervention and the clustering of the data as well as controlling for relevant confounding variables, the findings of the current study confirm and extend existing evidence for an intervention effect for this programme.
Owing to high risks for development of dependence once experimental smoking is begun, 24 25 the transition from occasional into regular and established use is a critical step in the course of adolescent smoking. Therefore, it is noteworthy that SFC appeared to impact this critical phase of smoking progression. A similar pattern of resultsdeffects on experimental stages of smoking and no effects on never and established usedwas also found in the evaluation of one of the largest US programmes in drug prevention, the project ALERT. 26 This pattern of results may suggest that early experimental smokers are the group most amenable to intervention effects.
There are some limitations to the study. First, it is limited to one federal state of Germany. For Germany at least, SaxonyAnhalt offered the last chance to evaluate an established intervention under real-life conditions in a randomised controlled trial. Because Saxony-Anhalt is a mainly rural region, the results may not apply to all regions in Germany or to adolescents in other nations. Second, data are based on students' self report. The validity of self-report data on adolescent smoking is overall rated as acceptable, 27e30 and several measures were implemented to minimise associations between the survey and SFC (eg, introduction of SFC after first assessment, completely neutral title and description of the study, instruction of teachers, second and fourth assessment after the competition's prize draw), but it cannot be ruled out completely that SFC students are influenced and biased in their reporting behaviour with more frequent concealing of smoking. Against that possible under-reporting, we observed that inconsistent response patterns over time (eg, backward transitions for lifetime use) did not differ by intervention status. Third, there was some attrition over the study period (consistent data for all four waves are available for only 61.9% of the initial sample, and dropout rates were higher in the two intervention groups than in the control group), a factor that could bias the results if attrition was related to intervention assignment and smoking status. However, our assessment of systematic attrition with attrition patterns differing by intervention status does not point to a strong bias. The difference in dropout rates between the two intervention groups and the control group might be caused by the difference in effort for teachers: participation in the study was less Figure 2 Adjusted means for frequency of current smoking in wave 2, 3, and 4 by baseline smoking status. Smoking frequency: 1¼no smoking; 2¼less than 13/month; 3¼at least 13/month; 4¼weekly; 5¼daily; occasional use¼2 or 3; regular use¼4 or 5. CG, control group; IG, intervention group. demanding for teachers in the control group who had to take care 'only' on the implementation of the surveys than for teachers in the two intervention groups who had to deal also with the competition.
The strengths of the current study include the random assignment of schools, the inclusion of outcome assessments in control classrooms as well as classrooms that opted out of participation in the competition, the multilevel analysis that included class-level variables for socio-econonmic status and class climate, individual controls for baseline group differences owing to self selection in the intervention classes, and a large sample with a total time frame of 19 months and four waves.
In summary, the current results confirm and extend hitherto existing findings on the effects of SFC, 7 8 11 12 documenting a modest effect on the transition from experimental to established smoking. Considering the wide dissemination of the competition in Europedwith more than half a million students participating each yeardthe preventive effect documented herein could have important public health implications. 
What is already known on this subject
Prevention of smoking in adolescents is a major task for public health, but school-based programmes often fail to reach effectiveness. The Smokefree Class Competition is a smoking prevention programme widely disseminated throughout European schools.
What this study adds
Participation in the Smokefree Class Competition seems to contribute to reduced rates of current smoking and progression to established use among adolescents with first experiences with smoking. With the Smokefree Class Competition, a tool for smoking prevention is available with hints for evidence of being both effective and easy to implement.
